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Mining 
Processing 
Alloy 
Manufacturing 
 
Use 
Soldering 
Process 
End-of-Life 
Landfill** Incinerator 
material inputs 
air emissions water inputs 
energy 
solid waste 
*transportation 
*recovery 
*   Includes many of the other metrics 
** May also include material/water/energy depending on landfill type 
*** Manual labour – negligible impact 
 
 
Computer 
Assembly 
*** 
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Restrictions of the use of hazardous chemicals in EEE are emerging around the world in 
response to the EU RoHS.  Many countries including China, Japan, the U.S. and some 
countries in South America are currently proposing similar laws.  It is estimated that b 
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In the next couple of years there will an emergence of many new regulations that the 
electronics industry has to be prepared to deal with.  In addition to the various RoHS 
regulations, EuP is expected to enter into force in 2007 and REACH will be implemented 
in the near by future.    
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Activity Annual Volume (million m3/year) 
Intake 427.8 
Recycle 260 
Gross Water Use 1542 
Discharge Volume 573.6 
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Chemical Name Volume/Mass 
Acetylene    645,172 L 
Calcium Oxide     422,807 kg 
Diesel Fuel No. 2    7,456,820 L 
Propane  77,897 kg; 4,618,655 L 
Sulphur Dioxide 836,007 kg 
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Activity Annual Volume (million m3/year) 
Intake 1423.0 
Recycle 1447.9 
Gross Water Use 2870.9 
Discharge Volume 1303.0 
Consumption 120.0 
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Element Acute Effects Chronic Effects (non-
cancer) 
Reproductive 
Effects  
Cancer Risks Environmental Effects 
silica Coughing, irritation, acute 
silicosis rare 23 
Silicosis 23 None reported 
23
 
Group 1 
carcinogenic 23 
No effects 22 
iron poisoning by ingestion:   
vomiting, fever, hypertension, 
death 11 
Tissue Contact: 
Conjunctivitis, 
Choroiditis, Retinitis 1 
None reported  Inhalation of 
iron oxide may 
increase risk of 
lung cancer  1 
-Iron disulfide reacts with air and 
water to form sulfuric acid 
-growth of algae and iron-
metabolizing bacteria stimulated 11  
aluminum constipation, colicky pain, 
anorexia, nausea and 
gastrointestinal irritation, skin 
problems, and lack of energy 12 
CNS damage, dementia, 
loss of memory, 
listlessness, trembling2 
None reported Unproven breast 
cancer risk 13 
-Acidification 
-Fish and amphibian numbers 
declining 2 
copper -essential nutrient but in excess 
amounts: 
gastrointestinal disturbance 
(nausea, vomiting) 3 
-liver and kidney 
damage 3 
None reported 
14
 
Inconclusive but 
positive link  14 
-strongly attaches to organic matter 
and minerals.  
-rarely enters groundwater  
-accumulates in plants and animals15 
zinc -inhalation can cause metal 
fume fever 
-ingestion over threshold can 
cause stomach cramps, nausea 
and vomiting4 
-ingestion over 
threshold can cause 
anaemia, damage the 
pancreas, and decrease 
levels of HDL 
cholesterol4 
-not  
classifiable as 
human 
carcinogen 
due to lack of 
information 
Inadequate 
evidence 16 
-increase the acidity of waters. 
-bio magnify 
-interrupt the activity in soils 17 
 
tin -skin and eye irritation 
-cholangitis of lower biliary 
tract 5 
low in toxicity 5 
 
None reported 
18
 
no 
carcinogenicity, 
mutagenicity, or 
teratogenicity 5 
-binds to soil 
-taken up by plans and animals 18 
nickel -not known to cause health 
problems above threshold 6 
Above threshold: 
-decreased body weight 
-heart and liver damage 
-skin irritation 6 
None reported 
6
 
Not 
carcinogenic 
-organic material in polluted water 
keeps nickel soluble 
-accumulates but does not magnify 
in aquatic life 
-may leach into ground water or 
surface water 6 
barium Above  threshold, 
gastrointestinal disturbances 
and muscular weakness 7 
Above threshold, high 
blood pressure  7 
None reported 
19
 
not carcinogenic 
19
 
 
-Toxic soluble barium salts likely to 
convert to insoluble salts 
-does not bind to most soils 
-may migrate to ground water 
-low tendency to accumulate in 
aquatic life 7 
manganese hallucinations, forgetfulness 
and nerve damage, can also 
cause Parkinson, lung 
embolism and bronchitis 20 
essential nutrient but 
over threshold effects 
Inhalation 
affects CNS, 
Manganism syndrome, 
coughing,bronchitis, 
dyspnea 8 
-impotence 
-loss of 
libido8 
-fetus 
development 
effects 20 
-no carcinogenic 
effects in 
humans 8        -
tumors may 
develop in 
animals 20 
-toxicity and deficiency symptoms 
in plants 20 
silver -soluble silver salts lethal if 
over thresholds: severe corneal 
injury, skin irritation, dizziness, 
headaches, breathing prob. 
Extremely high concentrations 
-drowsiness/staggering/confus. 
-unconsciousness/coma/death 9 
-allergic dermatitis 
-cardiac abdormalities 
-permanent CNS effects 
9
 
No effects 21 No expected 
carcinogenicity 
21
 
-ionic silver (in solution) is 
extremely toxic to aquatic plants and 
animals 
-acute toxicity of silver to aquatic 
species varies with chemical form 9 
1 Lenntech, 2006b  6 US EPA, 2006d   11 DTMRP, 2001  16 Scorecard, 2005  21 ATSDR, 2005: 22 
2 Lenntech, 2006a  7 US EPA, 2006c  12 Haas, 1992  17 Lenntech, 2006f    22 Cornell University, 2002 
3 US EPA, 2006b  8 US EPA, 2000e  13 Boyles, 2006  18 ATSDR, 2005: 2,13  23 CCOHS, 1997 
4  ATSDR, 2005: 4-5  9 Lenntech, 2006c    14 Faust, 1992   19 Bastarache, 2003 
5 Kinship, 1988   10 Howe and Dobson, 2002 15 Lenntech, 2006d  20 Lenntech, 2006e  
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Element/Alloy Cost/Unit Mass 
$/kg 
Density 
g/cm3 
Cost/Unit Volume 
$/cm3 
Lead 0.99 11.35 0.011 
Zinc 1.10 7.14 0.008 
Copper 1.43 8.97 0.013 
Antimony 1.76 6.61 0.012 
Bismuth 7.48 9.80 0.073 
Tin 7.70 7.31 0.056 
Silver 185.24 10.50 1.947 
Indium 275.00 7.31 2.014 
Sn-37Pb 5.21 8.80 0.046 
Sn-3.5Ag 13.90 7.42 0.142 
Sn-0.7Cu 7.66 7.31 0.056 
Sn-58Bi 7.57 8.75 0.067 
Sn-5Sb 7.41 7.28 0.054 
Sn-9Zn  7.11 7.28 0.052 
Sn-4Ag-0.5Cu 14.41 7.44 0.107 
Sn-3.4Ag-4.8Bi 13.73 7.53 0.104 
Sn-3.5Ag-3Bi 13.02 7.44 0.097 
Sn-2.8Ag-20In 66.13 7.39 0.489 
Sn-3.5Ag-1.5In 17.93 7.42 0.133 
Sn-2Ag-0.5Cu-7.5Bi 11.20 7.56 0.085 
Sn-2.5Ag-0.8Cu-0.5Sb 12.06 7.39 0.089 
 
0	*/48Cost of Lead-Free Solder Alloys Relative to That of Sn-37Pb Eutectic (Adapted 
from Liu, 2002)
Relative Cost Alloy Bar Paste 
Sn-37Pb 1.00 1.00 
Sn-3.5Ag 2.29 1.07 
Sn-3Ag-2Bi 2.17 1.06 
Sn-3.4Ag-4.8Bi 2.26 1.06 
Sn-3.2Ag-0.7Cu 2.21 1.06 
Sn-3.5Ag-1.3Cu 2.28 1.06 
Sn-4.7Ag-1.7Cu 2.56 1.08 
Sn-2.6Ag-0.8Cu-0.5Sb 2.06 1.05 
Sn-3.5Ag-0.5Cu-1Zn 2.27 1.06 
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1.  
• Informed all existing suppliers regarding RoHS requirements and schedule.  
• Introduced standarised report format for supplier / component evaluation. 
• Established database to record supplier / component status . 
• Introduced XRF equipment for new component approval / incoming inspection. 
• Sourced alternative components, suppliers, processes where compliance not met. 
 
2.    Prior to 2000 
 
3.   
• Communication and verification through multi-tier, remote supply base was difficult 
and took a long time as RoHS was not ‘Global’ standard, therefore awareness was 
limited in some regions, especially Asia / China.  
• Development of new / modified processes required for alternative RoHS materials, 
e.g. lead free solder, required a lot of investment and time to develop and perfect. 
 
4.  
• Involving the supply base. 
• Establishing focused teams within each business area to tackle specific issues and 
then educate the wider business group with solution. 
• Having a clear set of criteria to establish ‘finishing post’ 
 
 
5.  
• Production facilities and raw materials have been reviewed and revised where 
appropriate. 
• Certain suppliers who could not achieve compliance have been eliminated from 
supply chain. 
• Component / substance confirmation reports need to be provided for goods shipment. 
• Components / substance compliance reports need to be supplied for parts approval.  
 
 
6.      Approximately +15% (increase) in production cost vs non-RoHS compliant production 
process. 
 
7.     Don’t know, but as the legislation requires compliance of  products sold on EU market, 
place of  manufacture is unimportant.  
 
8.     Assuming compliance is required of all products sold on EU market, relative cost of 
manufacture of  products for sale in Eu market will be similar, with competitive situation 
status quo remaining.  
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